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We, Imperial Chemical Industries 
. Limited, a British Companv. of Imperial 
Chemical House, Millbank, London, S.W.I, 
do hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and bv the 
following statement: — 

.This invention relates to a continuous 
process* for the production of calcium 
sulphate alpha-hemihydrate from gypsum 
(both natural gypsum and synthetic by- 
product gypsum as recovered, for example, in 
the manufacture of phosphoric acid bv the 
acidulation of phosphate rock) and "con- 
stitutes an improvement in or modification of 
the invention described and claimed in our 
prior British Patent No. 1,051,849. 

In our said prior British Patent No. 
1,051,84!/, we have described anci claimed 
a process for the continuous production 
of calcium sulphate alpha-hemihydrate from 
gypsum, which comprises the steps of 
continuously passing a slurry of gypsum and 
water at super atmospheric pressure into 
and through a reactor having an inlet and an 
outlet, heating the slurry by" the injection of 
high-pressure steam, after it is admitted 
into the reactor, to a temperature of at least 
130°C, agitating the heated gypsum slurry 
in the reactor, and continuously withdrawing 
calcium sulphate alpha-hemihydrate from the 
outlet of the reactor without reducina the 
pressure therein. Said superatmospheric 
pressure (e.g. 4 to 10 ats. absolute) is 
considerably in excess of that required to 
mamtajn the water in the liquid phase within 
the reactor. 

The injection of high-pressure steam serves 
to maintain the mean or bulk temperature of 
* the slurry in the reactor at a level which is not 
•only conducive to rapid conversion reaction, 
but which is also consistent with economical 



use and recovery of heat from the system in 
the form of flash-off steam. In addition, 
however, we have found that it causes the 
formation, around the steam injection point 
or points, of a hot zone or hot interfacial 
layer between the injected steam, and the 
, slurry, which hot zone is at a hiqher 
temperature than the said mean or bulk 
temperature of the slurry and which affects 
the conversion i;eaction rate. This hot zone 
causes the gypsum crystals in the slurry to 
be convened to hemihydrate crystals more 
rapidly than elsewhere in the reactor, and 
these hemihydrate crystals act as nuclei 
or seed crystals for the reaction, thereby 
speeding up the overall conversion rate in 
the reactor. The hot zone therefore acts as a 
"nucleaiion" zone, and we have found that 
by controlling the extent (i.e. the surface area 
and shape) and the temperature of this 
zone, it is possible to control the formation 
of nuclei hemihydrate crystals and. therefore, 
the overall conversion "rate in the reactor 
while maintaining the mean or bulk tem- 
perature in the reactor substantially cons- 
tant. Where there are several stem injection 
points, there will be several hoi zones which 
may remain separate from each other or 
which may overlap to form an enlarged hot 
zone. 

The temperature and extent of the hot, or 
nucleation, zone are governed by (a) the 
temperature, volume and velocity of the 
injected steam, (b) the degree of aaitation 
in the reactor. Where (bj" is substantially 
constant, the temperature and extent of 
the hot, or nucleation, zone can therefore 
be controlled in a number of wavs, for 
example:— 

(a) by varying the temperature of the 
injected steam, an increase in which will 
increase the temperature and/or extent 
of the hot zone; 

(b) by varying the steam injection pressure 
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gradient relative to the reactor pressure. 
• an increase in which gradient will 
increase the extent and/or" temperature 
of the hot zone; 
(c) by varying the r position, size, shape and 
number of the steam injection ports, 
thereby varying the position, shape and 
surface area of the hot zone or zones, 
and, hence, the number of nuclei 
hemihydrate crystals with/h the reactor 
and their distribution therein. 
Controlling the extent and temperature of 
the hot, or nucleation, zone not only makes it 
possible to control the overall conversion rate 
in the reactor, but also makes it possible, for 
a given conversion rate, to operate at a lower 
mean or bulk temperature than hitherto used.. 
If the hot zone is such that it effects little 
nucleation. then the mean or bulk tem- 
perature in the reactor must be com- 
paratively high in order to achieve the desired 
rate of conversion; if, on the other hand, the 
hot zone is such that it effects considerable 
nucleation. then the mean or bulk tem- 
perature in the reactor may be com- 
paratively low and the same * rate of 
conversion can still be achieved. The use of a 
comparatively low mean or bulk temperature 
in the reactor is an obvious economy, and 
furthermore permits the efficient recovery of 
heat by means of the direct application of 
flash-off steam to pre-heat the feed slurry of 
• gypsum and water. . : 

The present invention accordingly provides 
a. process for the continuous production of" 
calcium .sulphate alpha-hemihydfatc- from ' 
gypsum, which comprises ■ the steps of 
continuously passing a slurry of gypsum and 
water at supcratmospheric pressure into and 
through a reactor having an inlet and an 
outlet, maintaining the slurry in the reactor 
. at a mean or bulk temperature sufficient 
to cause conversion of the gypsum to 
alpha-hemihydrate, by the injection thereinto 
of high pressure steam through one or more ' 
steam injection ports, said superatmospheric * 
pressure being in excess of that required to'-' 
maintain the water in the liquid phase at said 
mean or bulk temperature within the reactor, 1 
controlling said conversion by controllins the 
temperature and/or the flow dynamics of the 
injected steam so as to provide, adjacent said 
steam, injection port or ports, one or more 
hot . zones of controlled extent and tem- 
perature where nuclei alpha-hemihvdrate 
crystals are formed to a controlled extent, 
agitating the slurry in the reactor, and 
continuously withdrawing a slurry of calcium 
sulphate alpha-hemihydrate and" water from 
the outlet of the reactor without reducing the 
pressure therein. 

The mean or bulk temperature in the 
reactor should be at least J00°C, preferably 
*.at least 130°C and for economic reasons 
is preferably not more than 170°C. As 



the reaction temperature is elevated, so it 
becomes economically more desirable to 
recover heat from the system. A mean 
or bulk temperature of .150°C is generally 
suitable where it is desired to recover steam 70 
from the system and to use the recovered 
steam fully to pre-heat the gypsum slurry at 
atmospheric pressure prior to introducing 
it into the reactor. The higher the 
superatmospheric pressure to which the 75 
slurry is subjected, the greater can be the 
pressure and temperature of the injected 
steam. In the experiments described herein, it 
was convenient to maintain the slurry at 
a pressure of about twice that required to 80 
maintain the water in the liquid phase in the 
reactor. . 

Over-active agitation of the slurry in the 
reactor may cause the hot zone* to be 
diminished in size and the degree of agitation 85 
is preferably, therefore, controlled to minim- 
ise this effect. 

Fig. 1 of the accompanying drawings 
illustrates diagramatically a' suitable ap- 
paratus for carrying the invention into 
practice and, in its simplest form, comprises a 
reactor 3, such as an autoclave, provided with 
an inlet 2 for gypsum slurry, an outlet 3 for 
hemihydrate slurry, steam injection means 4 
having a plurality of steam injection ports 5. 
and means, such as one or more stirrers 6, 
for agitating the slurry in.. the reactor in 
a controlled manner. In ' a" preferred 
embodiment the apparatus is similar to 
that 1 described and claimed in our said prior 
British Patent No. 1.051.849. 

A slurry of gypsum and water, which may 
be preheated if desired, is introduced into the. 
reactor 1 continuously, under superatmos- 
pheric pressure, through the inlet 2. By way 
of example only, the slurry in the reactor may 
conveniently have a mean or bulk tempera- 
ture of 150°C. and be under a pressure of 90 
to 1 10 psig. which is in excess of the autogenic 
pressure of water (approximately 55 psig) 
corresponding to a mean temperature of 
150*0 : and the preheated slurry is therefore 
introduced into, and agitated in, the reactor 
under such excess pressure. Sufficient high 
pressure steam (for example, under "a 
pressure of 100 to 250 psig) is injected 
continuously into the reactor through steam 
injection ports 5, to maintain the ~mean or 
bulk temperature at 150 C C. Such injection of 
steam causes the formation, around the steam 
injection ports 5, of a hot zone 7 which is at a 
temperature higher than the mean or bulk 
temperature, e.g. some 10 P C to 15°C higher. 
As previously explained, this hot zone is 
a nucleation zone where nuclei crystals of 
hemihydrate are formed more rapidly than 
elsewhere in the reactor, and the more such 
nuclei are formed, the faster the reaction 
rate until the conversion is so high that 
gypsum-dissolution rare is thr limiting factor. 130 
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Example I 

In a first pair of tests, a gvpsum slurry was 
formed from by-product cvpsum recovered 
from the acidulatioo of Nauru phosphate 
rock (to which some bauxite had been 
added) for the production of phosphoric acid 
therefrom; the sypsum: water ratio of the 
slurry was 40 : <60 by weight. The slurry was 
divided into two portions which were tested, 
consecutively, in an apparatus' similar to 
that described and claimed in our said prior 
British Patent No. 1,051,849 and in which the 
reactor was subdivided bv partitions into 
5 adjacent compartments, (the experimental 
data and results given hereafter all refer 
to conditions and conversion rates obtaining 
and obtained in the first of these 5 
compartments). In both tests, the mean 
or bulk temperature and the pressure in 
the reactor were about 150°C and 90 psie 
respectively. In the first test, the steam was 
injected at a temperature in the ranee 
150°C to 170°C through a single injection 
pipe of quarter-inch internal diameter. In 
the second test, the steam was injected at 
a temperature in the range I9G,°C to 2QQ°C 
through twenty circular portfW quartwMTich 
internal diameter arranged circumferentiallv 
around a main injection pipe of 3" internal 
diameter. For each- of these tests, the 
fractional conversion to alpha-hemihydrate 
in the first compartment of the reactor has 
been plotted (in Fig. 2) against the slurry's 
residence time therein and it will be seen 
that, in the second test. 0.60 to 0.80 fractional 
conversion to hemihydratc was achieved in 
the first compartment of the reactor almost 
twice as fast as in the first test. 

Example 11 

In a further series of tests, a gvpsum slurrv 
was formed as in Example^*! (with the 
difference that it contained no bauxite), 
and processed at various flow-rates under 
the conditions A. B, C and D indicated 
hereunder. In each test, the mean or bulk 
temperature in the autoclave was 150°C and 
the steam was injected through circular ports 
of quarter-inch internal diameter. However, 
conditions varied, as follows, in each of the 
four tests: 

A. Only two injection ports were used, so 
that their total internal cross-sectional 
area was 0.098 sq. in. 

B. Four injection ports were used, with a 
total internal cross-sectional area of 

^ 0.196 sq. in. 

C. Ten injection ports were used with a 
total internal cross-sectional area of 
0.49 sq. in. 

D. Twenty injection ports were used with 
a total internal cross-sectional area of 
0.98 sq. in. 

-In the case of test A. the small 
steam-injection area gave rise to a hich 
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pressure drop across the injector and, 
consequently, high pressure and temperature 
within it, and in this particular case the steam 
temperature was approx: 192°C In the case*/*'* 
of tests B. C and D. the larger stcam-injection 
area caused a smaller pressure drop across 
the injector and. consequently, lower pres- 
sures and temperatures^ within it, and in 
these three cases the steam temperature 
varied between 186 c Cand 182°C. 

In all four cases, the degree of "conversion 
obtained in the first compartment of the 
reactor was measured over the same ranee 
of slurry* flow-rates therethrough, and the 
results were plotted in the curves shown in 
Fig. 3. For a given residence tfme in the first 
compartment of the reactor, the detected hot 
zone formed in the test A was of greater size 
and higher temperature than those formed in 
tests B, C and D and therefore the deeree of 
conversion in the test A was ereater. This 
was particularly noticeable at short residence 
times. For example, where 
1 

= 0.02 sec- 1, a frac- 

means residence time 

tional conversion of 0.935 was obtained 
in test A (two injection ports with a total on 
internal cross-sectional area of 0.098 sq. in.): 
on the other hand, in test D; where twentv 
injection porti were used with a total interna"! 
cross-sectional area of 0.98 sq. in„ where 
the steam velocity was accordingly 10 times 95 
lower, where the steam temperature was 
accordingly 7°C to 10 3 C lower, and where the 
hot zone was accordingly less extensive, the 
fractional conversion obtained fell to 0.845. 

' In the four tests A, B. C and D. the number 100 
of alpha-hemihydrate crystals present in the * 
first compartment of the reactor were 
counied at various conversion levels, and the 
results were plotted in the curves shown in 
Fig. 4. It will be seen therefrom that for a 105 
given fractional conversion level, sav 0.90. 
more crystals of alpha-hemihvdrate were 
produced in the test A than in the tests B, C 
and D: in other words, the more extensive 
the hot zone, the greater the number of HO 
alpha-hemihydrate nuclei produced. This, in 
itself, provides a method of controlling the 
crystal size and size-distribution and. hence, 
the rheoloey of the alpha-hemihvdrate 
product. (It will ;be observed that, in Fig. 4, 115 
each of the curves tends to turn upwards as 
complete conversion is approched. therebv 
indicating an increase in the number of 
nuclei; this increase is, in fact, due to 
attrition). 12O 

From the foregoing, it will therefore be 
appreciated that the rate of conversion and 
the rheolajy of the alpha-hemihydrate 
product can be controlled by controlling 
the temperature and/or extent of the hot or 125 
nuclcation, zone or zones, which can in turn . 
be controlled by controlling the temperature 
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and/or the flow dynamics of the injected 
steam and/or the method and/or decree 
of agitation within the reactor. The flow 
dynamics of the injected steam which depend 
inter aba. on its volume and velocity (which 
as • shown above, may also affect its 
temperature) can be controlled bv control!- 
ing for example, 'the pressure of" the slurry 
in the reactor, the steam injection pressure 
and/or the "geometry" (i.e. the number, 
position, size and/or shape) of the steam 
injection ports. 

Revertiog to the arrangement illustrated in 
tig. I of the drawings, hemihvdrate slurrv is 



through the oudet 3 without reducing the 
pressure in the reactor and,, as described in 
our said prior British Patent No. 1 .051.849 
may be led to a centrifuge and, subsequently.' 
to casting plant, for example to a block or 
panel moulding plant or plasterboard plant 
However, nucleation control bv the method 
of the present invention also affords a 
method of controlling the crvstal size and 
shape and the size- and shape-distribution, 
and therefore of "tailor-making" the rheo- 
Jogy of the hemihvdrate, and according ihe 
hemihvdrate slurry, before being discharged 

m,^ C r Cnt ? fU J5- may , be P assed throu S h *V 
number of addiuonal reactors (e g 8 9) 

in any order, with Or without recvele to 

preceding reactors, and with or without 

fresh gypsum slurry feed, in anv desired 

proportion, to such additional reactors. Thus 

the hemihvdrate slurry from reactor 1 mav be 

fed in turn to reactors 8 and 9, or it mav 

be fed directly to reactor 9; the hemihvdrate 

slurry from reactor 8 may be reevcied to 

reactor 1: and the hemihvdrate slurrv from 

reactor 9 may be withdrawn directfv to a 

centrifuge, or it may be reevcied to reactor 8 

or to reactor 1. The nucleation conditions fas 

described hereinabove for reactor 1) mav be 

separately adjustable in each of the reactors 

8 and 9. Nucleanon control bv the method 

according to the present invention makes it 

possible to control, at least in part the crvstal 

size and crystal shape, and the size- 'and 



from gypsum, which comprises the steps of 
continuously passing a slurrv of gypsum and 
water at superatmospberic pressure inS and 
through a reactor having an inlet and an 

" SJU "y * »* rSetor 

at a mean or bulk temperature sufficient to 
cause conversion of the gypsum to calcium 
sulphate alpha-hemihydraS by the iS 
tion thereinto of high pressure steam through 
one or more steam injection ports, said 
superatmospheric pressure being in excess of 
hat required to maintain the water in the 
liquid phase at said mean or bulk tem- 
perature within the reactor, controlling said 

conversion Kt, ^ n ,..n: * 
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produced in reactor 1: this control is 
strengtfiened by the further control and selec- 
tion of the nucleation conditions in the sub- 
sequent reactors 8 and 9 with the result that 
the rheology of the alpha-hemihvdrate in the 
slurry eventually discharged to the centrifuge 
can. to a certain extent, be predetermined and 
preselected, particularly when the method 
of the invention is used in conjunction 
with conventional methods of crvstal habit 



fl0W d >° anii « of the 'injected 
steam so as to provide, adjacent said steam 
injection port or ports, one or more hot zones 
of controlled extent and temperature where 

r a l^,i cmih - vdrate Cf y^ ls are 

to a controlled extent, agitating the slurry in 
the reactor and continuously withdrawing a 

ZnFJt, Ca, f Um S u ,phate a, Pta-hemihydrate 
and water from the outlet of the reactor 
without reducing the pressure therein. 

2. A process as claimed in Claim 1 
wherein said mean or bulk temperature 
w '™2 ? e rea ctor is between 13<£c and 
llVC. for example 150°C. 

3. A process as claimed "in anv one of the 
preceding claims, including the step of 
controlling said conversion by controlling the 
temperature of the injected steam. 

4. A process as claimed in anv one of the 
preceding claims, including the step bf 
controlling said conversion by controlling the 
pressure of the injected steam. * 

5. A process as claimed in anv one of the 
preceding claims, including the step of 
comroll.ng sa.d conversion by controlling the 
volume and.or velocity of the iniected steam 

6. A process as claimed in anv one of the 
preceding claims, including the step of 
comrolhng said conversion by controlling the 
number, position, size and/or shape of "said 
steam injection port or ports. 

7. A process as claimed in anv one of the 
preceding claims, including the step of 



WHAT WE CLAIM IS:— 
1. A process for the continuous produc- 
:^v- ; lion of calcium sulphate alpna-hemihydrate 



pressure of the slurry in the reactor. 

8. A process as claimed in anv one of the 
£ e ? d,n S c *™*> including the step of 
controlling said conversion bv controlling the 
agitation of the slurry in the reactor " * 

y. A process for the continuous produc- 
^m°L Ca,C,Um s L u, P ha,e alpha-hemihvdrate 
d?Kribed SUm ' SubsUnUaI1 . v a$ hereinbefore 

*J^ Calcium « u, P h *«e alpha-hcmihvdrate. 
« w r k PJ odu « d bv a process substantia llv 
as hereinbefore described. 

B. F. DREW, 
Agent for the Applicants. 
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